Background: Distal-less (Dll) encodes a homeodomain transcription factor expressed in developing appendages of organisms throughout metazoan phylogeny. Based on earlier observations in the limbless nematode Caenorhabditis elegans and the primitive chordate amphioxus, it was proposed that Dll had an ancestral function in nervous system development. Consistent with this hypothesis, Dll is necessary for the development of both peripheral and central components of the Drosophila olfactory system. Furthermore, vertebrate homologs of Dll, the Dlx genes, play critical roles in mammalian brain development.
Introduction
The Dlx homeodomain transcription factors play essential roles in the development of the vertebrate forebrain and are necessary for the formation of neural and ectodermal components of the vertebrate olfactory system (reviewed in Panganiban and Rubenstein, 2002) . Expression of Dll and Dlx genes in both the invertebrate and vertebrate nervous systems led to the hypothesis that the ancestral function of Dll may have been in the nervous system (Panganiban et al., 1997; Mittmann and Scholtz, 2001) and that additional Dll/Dlx functions were acquired later in evolution. The protostome-deuterostome ancestor (PDA) represents the last common ancestor to invertebrates and vertebrates. In recent revisions to metazoan (animal) phylogeny, the PDA is also the last common ancestor to all bilaterians (Erwin and Davidson, 2002) with the last common ancestor to protostomes and deuterosomes being a complex organism with many of the same features as modern bilaterians (De Robertis and Sasai, 1996; Holland and Holland, 2001; Erwin and Davidson, 2002) . Genetic conservation supports the idea that body parts formed by similar developmental regulatory genes represent either evolutionarily conserved structures or the reuse of ancestral gene networks or "toolkits" (Carroll, 2005) . In the case of embryonic neural development, homologous genes control proliferation, regionalization and cell fate specification in both invertebrates and vertebrates. These observations have been used to argue for a common evolutionary origin of the protostome and deuterostome brain (reviewed in Arendt and Nubler-Jung, 1999; Reichert and Simeone, 1999; Sprecher and Reichert, 2003; Wigle and Eisenstat, 2008) .
Our previous studies identified Dll as a critical factor in the development of both central and peripheral nervous system structures in the Drosophila larval olfactory system (Plavicki et al., 2012) . The Dlx genes play multiple roles in vertebrate olfactory system development including neural progenitor cell specification and migration (reviewed in Panganiban and Rubenstein, 2002) . However, they also play several more specific roles necessary for the development of the olfactory system. For instance, Dlx5 is expressed in the olfactory placode, olfactory pit and olfactory epithelium and is needed for the development of all three structures (Long et al., 2003) . Within the olfactory epithelium, Dlx5 also is necessary for the differentiation of olfactory receptor neurons (ORNs), while within the olfactory bulb, Dlx5 is required for development of glia that ensheath ORN axons (Long et al., 2003) .
Our earlier findings, together with studies by others of Dlx function in vertebrate brain development, suggest that Dll and Dlx genes have conserved functions during nervous system development. However, studies of the Dlx genes have been complicated by genetic redundancy. There are six Dlx genes in mice and humans, four of which have overlapping expression in the developing brain (reviewed in Panganiban and Rubenstein, 2002) . Thus, characterizing Dll expression in the developing invertebrate nervous system not only is essential for understanding Dll function in invertebrate neural development, but also could lend insight into Dlx gene function in vertebrates. We therefore examined Dll expression in the embryonic, larval and adult nervous systems in Drosophila. The manipulations and techniques available in Drosophila make it a powerful model system for the identification of novel genetic relationships and functions difficult to discern in vertebrate models.
Results and Discussion
In Vivo Imaging of Dll:GFP Embryos Reveals Dll Expressing Cells Contribute to Both the Central and Peripheral Nervous Systems
To observe the dynamic movements of Dll expressing cells during embryogenesis, we captured multiphoton movies spanning late germ-band elongation (stage 10) to head involution (stage 17; stages according to (Campos-Ortega and Hartenstein, 1985) . To visualize Dll expression, we took advantage of a Gal4 enhancer trap insertion into the Dll locus (P{GawB}Dll md23 ; (Calleja et al., 1996) driving nuclear expression of green fluorescent protein (GFP) from a second transgene (P{UAS-GFP.nls}14 (Shiga et al., 1996) . Images were collected from dechorionated embryos of genotype: w 1118 ; P{UAS-GFP.nls}14, P{GawB}Dll md23 /CyO (Dong et al., 2002) at 5 mm intervals every 5 min over a period of 8 hr ( Fig. 1 ; Supp. Movie S1, which is available online). We observed broad Dll expression in the head segments during stages 10-17 ( Fig. 1A-J ). The GFP was not confined to nuclei, but also detectable, albeit weakly, in the cytoplasm and in neuronal processes. These Dll-expressing cells give rise to elements of both the peripheral and central nervous systems (PNS and CNS, respectively) . Specifically, the Dll-expressing cells include precursors of multiple larval sense organs and of the brain regions that receive inputs from these sense organs.
For example, both the larval dorsal organ (DO), which has olfactory and gustatory functions, and the neuroblasts that form the larval antennal lobe in the CNS are derived from the antennal head segment (Schmidt-Ott et al., 1994; Younossi-Hartenstein et al., 1996 , 2006 Urbach et al., 2003) . The antennal lobe consists of glomeruli that carry out the initial processing of olfactory information from the DO and relay that information to higher order brain structures, including the mushroom bodies and the lateral horn (Jefferis et al., 2001; Marin et al., 2002) . The larval terminal and ventral organs (TO and VO, respectively), which have gustatory functions, arise from the maxillary segment (Urbach et al., 2003) and project their axons to the subesophageal ganglion (SOG).
Dll is expressed in the labral, antennal, maxillary, and labial head segments and necessary for the development of the nonneural, cuticular components of the labral, antennal (DO), maxillary (TO and VO), and labial sense organs (Cohen and Jurgens, 1989) . Loss of Dll function also results in the loss of the Keilin's organ (KO), a larval mechanosensory structure, associated with the adult thoracic limb primordia (Keilin, 1915; Cohen and Jurgens, 1989) . We recently reported that in later stages of embryogenesis Dll is expressed in neurons and their support cells in the DO and TO and that loss of Dll function results in loss of both these neurons and their support cells (Plavicki et al., 2012) . Consistent with this, our multiphoton analysis of living embryos permits us to visualize Dll-expressing cells contributing to both neural and nonneural components of the DO, TO, VO, and KO ( Fig. 2 ; Supp. Movie S2). By carefully comparing Dll protein expression with GFP DEVELOPMENTAL DYNAMICS Fig. 1 . In vivo multiphoton imaging of Dll expressing cells during embryogenesis. A-J: Still shots from a multiphoton movie spanning late germband elongation (stage 10; A) to head involution (stage 17; J) of an embryo of genotype: w 1118 ; P{UAS-GFP.nls}14 P{GawB}Dll md23 /CyO in which nuclear GFP expression is driven by a Dll-Gal4 enhancer trap. Dll expression is detected in the antennal and maxillary head segments (asterisks in A-C) that give rise to the olfactory and gustatory organs (asterisks in D-J) as well as presumptive (arrowheads in B-E) and delaminated cells of the brain (arrowheads in F-J). Still images are taken from Supplementary Movie S1 which was initiated at $6 hr after egg laying and continued until $14 hr after egg laying. Minutes indicated are relative to start of imaging. Scale bar ¼ 50 mm. expression driven by the P{GawB}Dll md23 , we conclude that the Gal4 driver faithfully recapitulates Dll expression with two exceptions: (1) the embryonic ventral nerve cord glia that express Dll lack P{GawB}Dll md23 expression; and (2) several cells in the brain that express Dll, also lack P{GawB}Dll md23 expression.
Our live imaging indicates that Dll-expressing cells in the antennal and maxillary head segment give rise to both neural and nonneural components of DO, TO, and VO. It remains unclear whether Dll-expressing cells in the head segments specifically contribute to the central nervous system regions that receive input from the DO, TO, and VO. However, clusters of Dll-expressing cells invaginate from the head segments and migrate to form Dll-expressing regions in the supraesophageal ganglion of the brain (arrowheads in Fig. 1 and Supp. Movie S1). Although Dll was previously shown to be required for DO, TO, and VO development and to be expressed within the differentiated organs, this is first time that Dll expression has been followed directly from the precursor stage into the differentiated sense organs. Also, although Dll expression has been reported in primary neuronal clusters in the embryonic Drosophila brain (Sprecher et al., 2007) , this is the first demonstration of Dll expression in Drosophila brain precursors ("stem cells") before their delamination/ specification. Our data, therefore, support the hypothesis that Dll may play critical roles in the specification and/or renewal of neural progenitors as well as in the differentiation of specific neural lineages.
Dll Expression in Cephalic and Thoracic Sensory Organ Precursors
To determine whether the Dll expression observed by means of live imaging corresponded to precursors that give rise to the sense organs affected in Dll mutants, we examined Dll expression in relation to genes expressed in neural progenitors. Specifically, we examined Dll expression in relation to the zinc-finger (Hummel et al., 2000) . Dll protein, which is nuclear, is contained within a broader domain of GFP expression. This is expected due to both the perdurance of GFP and GFP localizing to cytoplasm as well as nucleus. We note that while there does not appear to be GFP outside the Dll expression domains, there is some Dll protein expression where we do not detect GFP (e.g. red alone in panel B). GFP and Dll are expressed in the dorsal organ ganglion (arrows), the terminal organ ganglion (arrowheads), and the neurons in the labral sensory organ complex (asterisks). B 0 : GFP expression relative to 22C10. B 00 : Dll protein expression relative to 22C10. A-B 00 : 40Â confocal images. Scale bar ¼ 50 mm. C: Dll is coexpressed with a subset of Sens-expressing cells in the antennal (an), maxillary (mx), and labial (lb) head segments and the thoracic segments (T1-3). D: Dll is coexpressed with a subset of Prosexpressing cells in the an, mx, and lb head segments and the thoracic segments. E: Boxes 1 and 2 mark the segments shown at higher magnification in F-F 00 , and G-G 00 , respectively. In the mx segment, there are many Dll-expressing cells that lack both Pros and Sens, while in the T1 segment almost all of the Dll-expressing cells have Pros and/or Sens expression. F: Dll, Sens and Pros expression in the mx segment. transcription factor, senseless (sens), which is expressed in sense organ precursors (SOPs) in the head and thoracic segments (Nolo et al., 2000) , and prospero (pros), a homeodomain transcription factor, that is asymmetrically distributed with Numb to confer neural fates (Hirata et al., 1995; Knoblich et al., 1995) . We find that Dll is expressed in SOPs in both the cephalic and thoracic segments (Fig. 3) as indicated by the colocalization of Dll and Sens in a subset of Sens-expressing SOPs (Fig. 3C,F,F 0 ,G,G 0 ). Dll also was co-expressed with Pros in subsets of cells in the head and thorax (Fig. 3D,F ,F 00 ,G,G 00 ). Previous work has shown that Pros is necessary for neuronal differentiation in both the CNS and PNS (Doe et al., 1991) . In the developing larval olfactory system, Pros marks supporting cells, including socket, sheath, and shaft cells (Grillenzoni et al., 2007) and is co-expressed in late embryogenesis with Dll (Plavicki et al., 2012) . We note that the majority of the Dll-expressing cells in the thoracic segments also express Sens and/or Pros. This suggests that these cells primarily contribute to neural structures such as Keilin's organ and does not support the current view (e.g., McKay et al., 2009 ) that many of the thoracic Dll-expressing cells are leg imaginal disc precursors.
DEVELOPMENTAL DYNAMICS

Dll is Expressed in Subsets of Glia in the c and in Neurons and Glia in the Supraesophageal Ganglion
Dll expression in the VNC is first observed at embryonic stage 12 and continues in the VNC during the third larval instar ( Fig. 4A-D,G,I) . In contrast to Dll expression in the brain, which includes both neurons and glia, Dll expression in the VNC is exclusively glial. In the embryonic VNC, Dll is expressed in both cell body associated glia (arrows in Fig.  4A,B ) and dorsal longitudinal glia (arrowheads in Fig. 4B,D) . Both are subsets of the lateral glia (reviewed in Klaembt et al., 1996) . In the larval VNC, Dll is expressed in glial cells that surround the thoracic ganglion ( Fig. 4I-K) . Based on their location, it is likely that at least some of these glia migrate into the developing leg during metamorphosis. We also observed Dll expression in subsets of glia within the embryonic and larval brain ( Fig. 4E-H,J) . During embryogenesis, Dll-expressing glia line the preoral commissure (arrowhead in Fig. 4F ) and also are found in the supraesophageal ganglion ( Fig. 4F) . Dll continues to be expressed in glial cells within the developing larval brain (Fig. 4G,H) ; however, we did not detect Dll-expressing glia in the adult CNS (not shown).
Dll is Expressed in Larval and Chemosensory Neurons
Dll expression is first observed in chemosensory organs (DO, TO, and VO) during embryogenesis ( Figs. (2 and 5) ). During larval and adult stages, Dll expression continues to be detected in chemosensory neurons (Fig. 6A-D and not shown) as well as their supporting cells. Chemosensory neurons are clustered together under their respective sense organs and referred to as ganglia. During embryogenesis Dll is expressed in DO, TO, and VO ganglia (DOG, TOG, and VOG, respectively; Fig. 6B and Plavicki et al., 2012) . The majority of DOG neurons respond to olfactory stimuli and send afferent projections to the larval antennal lobe that (LAL) (Gerber and Stocker, 2007) . A subset of DO neurons respond to gustatory stimuli and, along with the TO and VO send projections to different regions of the larval brain (Fig. 6A) . Dll-expressing neurons can be seen projecting to both the LAL and the subesophageal ganglion (SOG; Fig. 6A,C) .
During metamorphosis, the CNS and the peripheral components of olfactory system undergo substantial reorganization. The adult Drosophila antenna, which arises from the antennal imaginal disc, houses most adult olfactory neurons. Analogous to the larval organization, the adult ORNs send afferent projections to the adult antennal lobe (AL). ORNs that express the same odorant receptor converge on the same targets within the AL forming structures termed glomeruli (Gao et al., 2000; Vosshall, 2000;  DEVELOPMENTAL DYNAMICS Fig. 6 . Dll is expressed in larval and adult chemosensory neurons. A: Dorsal view of a w 1118 ; P{UAS-GFP.nls}14 P{GawB}Dll md23 /CyO (green) third instar larval brain stained with anti-horseradish peroxidase (HRP; purple). Anti-HRP recognizes Nervana proteins in neuronal membranes and is used to visualize the neuropil (Jan and Jan, 1982) . Dll expression is seen in central brain regions. Dll-expressing olfactory receptor neurons (ORNs) in the dorsal organ ganglion (DOG) project to the larval antennal lobe (LAL) whereas Dll-expressing gustatory receptor neurons in the DOG, terminal organ ganglion (TOG) and the ventral organ (VOG) project to the subesophageal ganglion (SOG). B: Colocalization of Dll antibody staining with the neuronal marker Elav (O'Neill et al., 1994) and with GFP driven by P{GawB}Dll md23 (Calleja et al., 1996) . Dll is expressed in TOG neurons. C: Higher magnification view of the LAL boxed in panel A. D: Anterior view of the adult antennal lobes (AL). Both larval and adult Dll expressing ORNs project to their respective antennal lobes. E: Schematic of an adult brain from a frontal view. The mushroom body (MB), lateral horn (LH), and antennal lobe (AL) are indicated. The inset is a schematic of an adult antenna with the olfactory receptor neuron (ORN) cell bodies indicated in red, orange, and yellow. ORNs expressing the same odorant receptor project to a single glomerulus in the AL. A: 10Â confocal images. B,C,D: 40Â confocal images. Scale bars ¼ 50 mm in A,B,D; 12.5 mm in C. Couto et al., 2005) . Dll is necessary for specifying antennal fate and loss of Dll function results antennal to leg transformations (Sunkel and Whittle, 1987; Cohen and Jurgens, 1989; Dong et al., 2000) . Here, we report that Dll also is expressed in adult ORNs and that projections from Dll-expressing ORNs form glomeruli in the adult AL (Fig. 6D) . Dll-expressing ORNs also are located in the maxillary palps (data not shown), which like the antenna is derived from the Dll-expressing antennal disc (reviewed in Stocker, 1994) . These ORNs also project to the adult AL (reviewed in Stocker, 1994) . Gustatory receptor neurons (GRNs) are found in several places on the adult fly including the labellum, legs, wing margins, and female genitalia (reviewed in Vosshall, 2000) . The precursors of all of these structures also express Dll. Thus, there appears to be a strong correlation between Dll expression and chemosensation.
Dll is Expressed in the Larval and Adult Optic Lobes
In addition to being expressed in the developing olfactory system across multiple stages of development, Dll is consistently associated with the development of the visual system. Dll expression is detected in the optic lobes during larval and adult stages, however, in contrast to Dll expression in other sensory systems, expression seems to be limited to brain processing regions and is not detected in retinal neurons or their support cells. The adult optic lobes are divided into distinct morphological and functional domains. From most external, to most internal, these are the lamina, medulla, lobula, and lobula plate (Hofbauer and Campos-Ortega, 1990; Meinertzhagen and Hanson, 1993) . The larval optic lobe consists of the two proliferative centers, the inner and outer proliferative centers (IPC and OPC, respectively) (Hofbauer and Campos-Ortega, 1990 ). The outer proliferative center (OPC) is crescent shaped neuroepithelium, which is spatially divided along the anterior-posterior axis by the expression of wingless (wg), decapentaplegic (dpp), vsx1, and optix, and gives rise to the medulla (Kaphingst and Kunes, 1994; Egger et al., 2007; Li et al., 2013) . wg expression defines the tips of the OPC (tOPC) and has reported to colocalize with Dll expression (Kaphingst and Kunes, 1994) . During optic lobe development, Dll along with eyeless (Ey), Sloppy-paired (Slp), and Dichaete (D), are necessary for temporally patterning neuroblasts in the tOPC and generating four neuronal classes that will innervate the adult medulla, lobula, and lobula plate (Bertet et al., 2014) . Dll-expressing neuroepithelial cells give rise to the youngest neuroblasts in the tOPC and produce Dll-expressing ganglion mother cells and, ultimately, Dll-expressing class I Spalt major (Salm)/Runt neurons (Bertet et al., 2014) . As development persists, Dll expressing neuroblasts begin to express Ey and, as Dll expression wanes, Ey expressing neuroblasts give rise to class 2 sevenup (SVP) neurons (Bertet et al., 2014) . Neurons specified during the temporal window of Dll expression are located in the lobula plate cortex (Bertet et al., 2014) . Fig. 7 . Dll is expressed in the larval and adult optic lobes. A: Lateral view of a w 1118 ; P{UAS-GFP.nls}14 P{GawB}Dll md23 /CyO (green) third instar larval optic lobe stained for Dac (blue) and Elav (red). Dac is an early marker of differentiated laminal neurons, Elav marks laminal neurons in later stages of optic lobe development (Morante and Desplan, 2008; Bertet et al., 2014) . B: Higher magnification view of optic lobe shown in (A). C: Dorsal view of a larval third instar brain stained for Dll (green) and Fas2 (red). Fas2 marks a subset of neuronal membranes. Dll is expressed in laminal neurons (box in C) and the medulla (arrows in C). D: High magnification view of boxed area from (C). E: Anterior view of an adult brain stained for Dll (green), Repo (red) and anti-HRP (blue). Dll is expressed in neurons in central regions of the adult brain (asterisks) and in the optic lobes (arrow and arrowhead). Arrow indicates Dll-expressing cells in the medulla, while arrowhead indicates Dll-expressing cells in the lamina. F: High magnification view of boxed area in (E). Dll is expressed in adult optic lobe neurons, but not glia. G: X-gal staining of an adult brain from an animal carrying a reporter insertion into the Dll locus (Dll 01092 ; Goto and Hayashi, 1997) . This reporter faithfully recapitulates Dll expression in both the central brain (asterisks) as well as the medulla (arrow) and lamina (arrowhead) of the optic lobes. A,C: 20Â confocal images. E: 10Â confocal image. B,D,F: 40Â confocal images. Scale bars ¼ 50 mm in A,C,E-G; 25 mm in B,D.
DEVELOPMENTAL DYNAMICS
The cell bodies making up the adult medulla are positioned in either the medulla cortex, which is located between the lamina and medulla neuropil, or the medulla rim, which is situated between the medulla and lobula plate (Morante and Desplan, 2011) . Dll is expressed in both the adult medulla cortex and medulla rim (Morante and Desplan, 2008) . During larval development of the medulla cortex, Dll is expressed specifically in neurons derived from the oldest neuroblasts, but not in the neuroblasts themselves and does not colocalize with eyeless (ey) or apterous (ap), two broadly expressed markers of cortical cells in the medulla (Morante and Desplan, 2011) .
Consistent with previous reports, we observed Dll expression in the larval and adult medulla. We also observed Dll expression in laminal neurons in the larval optic lobe in both early and late third instar larvae (Figs. 4J, 7A-D,G) and find that Dll is coexpressed with Elav, a marker of differentiated neurons, in a subset of laminal neurons. Dll does not colocalize with Dac, is an early marker of differentiated laminal neurons (Morante and Desplan, 2011) . Dll continues to be expressed in the lamina (arrowhead in E) and medulla (arrow in E) during the adult stages ( Fig.  7E-G) . We also observed Dll expression in the central brain in adults (asterisks in Fig. 7) . We hypothesize that the persistence of Dll expression in adult neurons may indicate a role in the maintenance of specific neuronal fates.
In summary, we provide a detailed description of Dll expression during embryonic, larval and adult stages of the Drosophila life cycle. We focused on neurons and their supporting cells and demonstrated for the first time that Dll is expressed in the embryonic ectoderm in precursors of the brain. We strengthened the existing link between Dll and chemosensation by establishing that Dll is expressed in most, if not all, olfactory and gustatory organs. In addition, we report that Dll is expressed in only glia of the ventral nerve cord, in both neurons and glia of the larval brain, and in only neurons within the adult brain. We also validated the fidelity of a widely used P{GawB} insertion into the Dll locus. Together, this information provides an important framework for future investigations of specific Dll functions in neural stem cells, neurons, and glia as well as for comparative studies of the role of Dll during development and neural function.
Experimental Procedures
Drosophila Stocks
The following Drosophila strains were used in this study: Oregon R (Bloomington Drosophila Stock Center); y 1 w 1 (Bloomington Drosophila Stock Center), Dll 01092 (Dll-lacZ reporter; (Goto and Hayashi, 1997) and w 1118 ; P{UAS-GFP.nls}14 P{GawB}Dll md23 /CyO (Calleja et al., 1996; Shiga et al., 1996; Dong et al., 2002) .
Immunohistochemistry
Embryo collection and fixation were performed as described (Langeland, 1999) with staging of embryos according to Campos-Ortega and Hartenstein (Campos-Ortega and Hartenstein, 1985) . The following primary antibodies and dilutions were used: rabbit anti-Dll, 1:100 (Panganiban et al., 1994) ; 1:200 mouse 22C10, 1:10 (Fujita et al., 1982; Zipursky et al., 1984) ; rat anti-Elav, 1:10 (O' Neill et al., 1994) ; mouse anti-Fas2, 1:10 (Developmental Studies Hybridoma Bank) (Hummel et al., 2000) ; mouse anti-Repo (Alfonso and Jones, 2002) ; mouse anti-Pros, 1:100 (Campbell et al., 1994) ; Cy5 anti-HRP, 1:100 (Jackson Immunochem) and guinea pig anti-Sens, 1:5,000 (Nolo et al., 2000) . Alexa secondary antibodies (Life Technologies) were used at 1:100. Secondary antibodies used were Alexa Fluor 488 anti-mouse; Alexa Fluor 488 anti-rabbit; Alexa Fluor 488 anti-guinea pig; Alexa Fluor 568 anti-rabbit; Alexa Fluor 633 anti-mouse; Alexa Fluor 633 anti-rabbit; Alexa Fluor 633 streptavidin. Embryos were mounted in Vectashield (Vector Laboratories).
Confocal Microscopy
Confocal images were collected on a Zeiss LSM 510 microscope. Three-dimensional reconstructions were made with Zeiss LSM software, and images were processed by using combinations of Zeiss LSM filtering functions, Image J, and Adobe Photoshop. Optical sections in Z-series collections were collected at 0.4-mm intervals.
Multiphoton Microscopy
Movies were collected using a multiphoton laser scanning microscope (MPLSM) at the Laboratory for Optical and Computational Instrumentation (LOCI) at the University of Wisconsin. This custom-built MPLSM consisted of a titanium sapphire laser (Spectra Physics, Tsunami), set to 900 nm excitation wavelength, a photomultiplier tube (Thorn-EMI-9924B) for detection, and an inverted Nikon Eclipse TE300 microscope coupled to a Bio-Rad MRC-1024 scan assembly. A Nikon 40Â oil-immersion lens with a numerical aperture of 1.3 and working distance of 0.2 mm was used for these experiments. Embryos were adhered to coverslips using glue derived from heptane and tape, and covered with a small amount of halocarbon oil. Multiphoton movies spanned embryonic stages 10 to 17. In each movie, a z-series was collected every 5 min at an optical step size of 5 mm.
